Mitogen-activated protein (MAP) kinase phosphatases (MKPs) constitute a growing family of dual specificity phosphatases, which dephosphorylate both serine/threonine and tyrosine residues of MAP kinases. MAP kinase signaling cascades are involved in the control of cell proliferation, differentiation and apoptosis. In mammals, ten members of the dual-specificity MKP family have so far been identified. In this report, we describe the cloning and expression analysis of the mouse Mkp3 gene. During early development, expression of Mkp3 is most prominent in the primitive streak, presomitic mesoderm and somites, frontonasal prominence, midbrain/hindbrain boundary, branchial arches and limb buds. At later stages, expression is also detected in the tooth primordia, vibrissae, hair follicles, pinna, submandibular gland, mammary gland primordia, lung and kidney. Strong expression was detected in the adult brain. q
Results and discussion
In the course of an expression screen for genes specifically expressed in somites we isolated a clone showing specific expression in the somites, brain, pharyngeal region and limb buds. Sequencing revealed that the DNA complementary to RNA (cDNA) clone encompasses 2822 base pairs comprising a single open reading frame of 381 amino acid residues. Sequence comparisons revealed 98.4 and 97.9% identity in the amino acid sequence to the rat and human mitogen-activated protein (MAP) kinase phosphatase-3 (MKP-3) proteins, respectively (Fig. 1A) . Thus, the gene we isolated is Mkp3 of the mouse. MKP-3 belongs to the dual-specificity MKP gene family. MKPs specifically inactivate MAP kinases through dephosphorylation of both, threonine and tyrosine residues that are crucial for MAP kinase signalling (Keyse, 1995; Camps et al., 1998a) . Members of this family differ in the sites of expression, regulation of enzymatic activity, subcellular localization and substrate specificity. Therefore MKPs were classified in two subfamilies: the MKP-1-like phosphatases (Alessi et al., 1993) and the MKP-3/Pyst1-like phosphatases (Dowd et al., 1998) .
Northern blot analysis revealed a RNA transcript of 2.8 kb in size, suggesting that the cDNA we isolated is full or almost full length. Strong expression of Mkp3 was detected in embryos and in adult brain, the heart showed a week signal and no transcripts were detected in skeletal muscle (Fig. 1B) .
In situ hybridization on whole-mount embryos and embryo sections was employed to determine the expression pattern of Mkp3 at high resolution. Mkp3 transcripts were detected in the primitive streak and yolk sac of 7.5 dpc embryos ( Fig. 2A) . From 8.25 dpc on expression occurs also in the caudal part of the presomitic mesoderm (PSM), in two stripes of the rostral PSM marking primarily the anterior halves of somitomers S0 and S-I, and in epithelialized somites (Figs. 2B-E,H-K). This pattern is maintained till somitogenesis comes to a standstill in the tail tip. Differentiating somites express Mkp3 RNA in the dermamyotome and myotome, and weakly in the adjacent sclerotomal mesenchyme (Figs. 3A,B) . Expression in the myotomes declines after 11.5 dpc. Mkp3 is also transiently expressed in the caudal end of the neural plate, in the region of the primitive streak and tail bud. Expression in this site is detectable till axial elongation has come to a standstill (Figs. 2C-E,H-K). Mkp3 shows expression in the mesenchyme of the developing head, in the region of the forebrain and frontonasal prominence (Figs. 2B-F), and near the midbrain/hindbrain boundary. Both expression domains are already detectable at 8.25 dpc, the latter has disappeared by 11.5 dpc (Figs. 2B-E), while expression in the nose can be detected until 12.5 dpc (Fig. 2F) .
Mkp3 is also expressed in the developing pharyngeal region. At 8.25 dpc expression is detected around the foregut (Fig. 2B) , at 9.5 dpc in the branchial arch mesenchyme (Fig. 2C) . At later stages Mkp3 expression becomes confined to the tooth anlagen of the maxillary and mandibular components of the first branchial arch and a small region in both the first and second branchial arches close to the cleft. The tooth anlagen maintain Mkp3 expression at least until 15.5 dpc (Figs. 2D, E and 3C, D, F, H) .
Mkp3 is strongly expressed in the developing limbs. At 9.5dpc Mkp3 RNA is present in the forelimb bud mesenchyme (Figs. 2C,L) . At 10.5 dpc Mkp3 expression also appears Identical residues are black boxed. The conserved extended active-site motif VX VHCXX GX SRSX TXXX AYLM (residue numbers 289-309; where X is any amino acid) shared between dual-specificity phosphatases is underlined twice, and the cdc25 homology domains (CH2 domains: residue numbers 35-56 and 130-150) are underlined once. Two putative nuclear export signals are indicated by a dotted line (residue numbers 126-123 and 162-170; Muda et al., 1996) . (B) Developmental and tissue specific expression of Mkp3 by Northern blot analysis. Total RNA was derived from 9.5 dpc (1); or 10.5 dpc (2) embryos; adult heart (3); brain (4); and skeletal muscle (5). Control hybridization was done with a GAPDH probe. Fig. 2 . Mkp3 expression during mouse development detected by whole-mount in situ hybridization. (A-G) Whole-mount embryos of 7.5-7.75 (A); 8.25 (B); 9.5 (C); 10.5 (D); 11.5 (E); 12.5 (F); and 13.5 (G) dpc, all lateral view. (H-K) Tail bud and posterior somite region of 9.5 (H); 11.5 (I, J); and 12.5 (K) dpc embryos. (L-P) Limb buds of 9.5 (L); 10.5 (M); 11.5 (N); 12.5 (O); and 13.5 (P) dpc embryos. Asterisks mark somitomers S0 and S-I, intersomitic boundaries are indicated by lines in some plates, the arrowhead marks the frontonasal prominence and developing nose. Abbreviations: fl, forelimb bud; hf, hair follicle; hl, hindlimb bud; ma, mandibular component of the first branchial arch; mg, mammary gland primordium; mhb, midbrain/hindbrain boundary; mx, maxillary component of the first branchial arch; p, pinna; ps, primitive streak; so, somite; tb, tail bud; vi, vibrissae and ys, yolk sac. in the hind limb mesenchyme (Figs. 2D,M and 3C ). The progress zone adjacent to the apical ectodermal ridge is the major site of expression during limb outgrowth. Weaker expression is detected in the central proximal mesenchyme (Figs. 2E,F,N,O) . As the digits become apparent, Mkp3 is expressed around the digit tips (Fig. 2P) .
Additional sites of Mkp3 expression are the ear pinna at E13.5, the submandibular gland at 14.5 dpc, the vibrissae, hair follicles and mammary gland primordia (Figs. 2F,G and  3D-F,H) . Among the inner organs, Mkp3 was detected in the ureter tips of the developing kidney and weakly in the lung (Figs. 3D,G) .
The expression of Mkp3 is similar to the expression of members of the FGF gene family, in particularly Fgf8. Fgf8 RNA is localized in known signalling centers that direct the outgrowth and patterning of the limbs, the elongating body axis, the face and the midbrain/hindbrain boundary (Crossley and Martin, 1995) . In several sites, Mkp3 is expressed adjacent to the Fgf8 expression domain. In the limbs, the maxillary and mandibular prominences, the frontonasal prominence, and at the midbrain/hindbrain boundary Mkp3 is expressed in the mesenchyme, whereas Fgf8 expression has been reported to be present in the ectoderm or neural epithelium. Fibroblast growth factor (FGF) signalling is transduced through the Ras/MAPK signal cascade, and MKP-3 is highly specific for the MAP kinase ERK2. In addition, it has been shown that MKP-3 can be rapidly induced in PC12 cells by bFGF (Camps et al., 1998b) . Therefore, it seems likely that at least in some of the embryonic expression sites described here, Mkp3 may be involved in the control of MAP kinases activated by FGF. Abbreviations: dm, dermamyotome; ki, kidney; lu, lung; nc, nasal cavity; nt, neural tube; sg, submandibular gland; tg, tongue; to, tooth primordium; and vi, vibrissae ; others as in Fig. 2. 
Experimental procedures

Isolation of Mkp3
A cDNA library was prepared from messenger RNA of 11.5 dpc mouse embryo tails in the pSV-Sport1 vector using the superscript plasmid system according to the manufacturer's instructions (Gibco Life Technologies). Colonies were grown at low density, transferred to filters, lysed in situ and hybridized with a probe prepared from total cDNA derived from 9.5 dpc embryos. Non-hybridizing clones comprising non-redundant genes were selected for expression analysis in whole-mount embryos. One thousand clones were analysed for expression in 9.5 dpc embryos. A 1.6 kb cDNA showing high sequence similarity to human MKP-3 was identified and used for isolating the full-length cDNA for mouse Mkp3 from the same library. The cDNA clone was sequenced on both strands. Sequence analysis was performed using Lasergene Navigator (DNAStar) sequencing software.
Expression analysis
A Northern blot of total RNA from two embryonic stages and adult mouse tissues was hybridized with a random primed 32 P-labeled 1.6 kb probe covering the 3 0 part of mouse Mkp3 cDNA. A GAPDH DNA probe was used for control hybridization. Whole-mount in situ hybridizations were performed using digoxigenin labeled riboprobes transcribed from the full length 2.8 kb cDNA of Mkp3 as described (Neidhardt et al., 1997) . In situ hybridization on sections was done according to the protocol by Lescher et al. (1998) .
